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A NON-LINEAR DISPERSIVE PULSE GENERATOR 
OF THE INVENTION 



This invention relates to . „ 0 „- iinear dispersive puls(S 
generator for producing pulsed radlo frequenoy 

signals. 

BACKSROUND OF THE INVEMTTnM 

High power radio frequency and microwave Generators are 

known and it is desirable with suoh ge „ erat or s to he ahle to 

provide a facility for q„ic k l y ch ang i„ g the q£ ^ 

output radio frequency S i g „ al . Such ganerators m 

to produce high power pulses of r*rii„ * 

puxses of radio frequency with peak 

Powers, for example, in excess of 100KW. FO r convenience the 
■««. radio frequency as used in this specification is 
intended to „ean radiation in the hi gh frequency, very h l gh 
frequency, ultra hign frequency and microwave regions of the 
electromagnetic spectrum. 

It is desirable to be able to adjust the output 
frequency of a high po „er radio frequency generator rapidly 
and over a relatively larqe tuning range. Por example it is 
useful to be able to adjust the frequency of the output 
« 9 nal in a ti.e of the order of 0.! billisecond to l 
"illisecond. which allows frequency variation « pu lse 
repetition frequencies of lkHe to 10kHz. 
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E x amples of „„„„„ hlg „ power rad . o frequencj _ generators 

are „ a9 „etro„ s . k l ys tro„s and tr a velli„ 9 „ ave tubes (THTs) . 
These deuces 9enerally operate by # ^ ^ 

Electrons „Mc„ passes through . 

structure designed such that the electron h Q * m • 

18 e -*-ect:ron beam interacts with 

the mechanical structure so that energy is extracted from the 
electron beam to produce a radio frequency or microwave field 
inside the mechanical structure which is normally a cavity. 
The characteristics of the radio fluency output from such 
*nown devices are fixed partly by tne de3ign Qf ^ 
mechanical structure and the characteristics of the electron 
beam and the structure together determine the range of radio 

frequency oscillation frequencies which can ho c 

-j mucn can be supported and 

the quality factor of the cavity S ur>h • 

UY ' Sucn devices may act as 

amplifiers for a small radio frequency signal. 

High power oscillators such as magnetrons have been 
developed to produce output powers up to a few megawatts with 
tuning ranges of about 10 percent. Tne radio frequency 
output of such magnetrons is tuned by mechanical adjustment 
of the cavity and very high power magnetrons usually have 
relatively small tuning ranges. Specialised magnetrons which 
include rapidly rotating disks are able rapidly to adjust the 
radio frequency output frequency from pulse to pulse but are 



-3- 



limited to relatively low output power* of iess than i 
megawatt with constrained frequency agility resulting from 

fixed cycling patterns. 

Klystron amplifiers may be used to produce high radio 
frequency output powers with the frequency being tuneable by 
variation of the frequency of the low power radio frequency 
input signal. As the pea, power of a klystron is increased 
the band width is reduced and the effective tuning range is 
reduced accordingly. 

Travelling „ave Tube amplifiers have been developed with 
band widths of one octave but this restricts the operating 
power to relatively low values of typically less than 100XW. 
At higher power levels the band width is reduced to about 10 

to 15% at 1 megawatt power. 

Thus at power levels of mC re than . few megawatts 
conventional electron beam radio frequency generators nave 
—11 band widths and small tuning ranges. „ igh power 
magnetrons require mechanical adjustments to the cavity to 
adjust the radio frequency output frequency. Amplif iers Sucn 
as klystrons and TWTs have severely restricted band widths at 
high power levels with correspondingly reduced frequency 
change agility. 



OBJECTS OF THE INVENTION 

Thus one object of the present invention is to provide a 
radio frequency generator which can be operated at relatively 
high power levels, preferably up to 1 gigawatt with a good 
ability for frequency change. 

This and other objects and advantages of the present 
invention will become more apparent from details disclosed in 
the following specification where preferred embodiments of 
the invention are described. 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there 
is provided a non-linear dispersive pulse generator for 
producing pulse radio frequency electrical signals, including 
a non-linear dispersive electrical circuit incorporating at 
least one non-linear element made of a material sensitive to 
low power signals and a means of producing a variable power 
control signal and applying the control signal to the at 
least one non-linear element to modify the extent of the 
non-linearity of the element and thereby vary the output 
frequency of the radio frequency electrical signal generated. 

Preferably the non-linear dispersive electrical circuit 
includes a plurality of non-linear elements in the form of 
inductors interconnected in series, a first array of coupling 
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capacitors each linking the input side of one inductor to the 
output side of the next inductor in line for dispersive 
purposes, and a second array of capacitors arranged in 
parallel to one another such that each capacitor of the 
second array connects the input side of a different inductor 
to a common electrical line. 

Conveniently the or each non- linear element material is 
a ferromagnetic material sensitive to a magnetic field and 
the control signal producing means is operable to produce a 
relatively small variable electric current which gives rise 
to a variable low value magnetic field which is applied to 
the ferromagnetic material to adjust the initial state of the 
non-linear element and alter the behaviour of the non-linear 
element during modulation of a high power radio signal to 
change the frequency of the radio frequency signal outputted 
from the generator. 

Advantageously the control signal producing means 
includes a source of low power direct current which is 
applied to the input side of the non- linear dispersive 
electrical circuit with a high voltage input and which is 
returned to the source from the output side of the non-linear 
dispersive electrical circuit at the radio frequency signal 
output, and a computer control for varying the value of the 



low power direct current to vary the frequency of the radio 
frequency output signal. 

Alternatively the or each non-linear element material is 
ferroelectric material sensitive to an electric field and the 
control signal producing means is operable to produce a 
variable low value electric field which is applied to the 
ferroelectric material to adjust the initial state of the 
non-linear element and alter the behaviour of the non- linear 
element during modulation of a high power radio frequency 
signal to change the frequency of the radio frequency signal 
outputted from the generator. 

For a better understanding of the present invention, and 
to show how the same may be carried into effect, reference 
will now be made, by way of example, to the accompanying 
drawing in which; 

DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic diagram of a non-linear 
dispersive pulse generator according to a first embodiment of 
the present invention, and 

Figure 2 is a schematic diagram of a typical dispersion 
curve of a non-linear dispersive electrical circuit used in 
the embodiment of Figure 1 . 
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DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
A non-linear dispersive pulse generator according to a 
first embodiment of the present invention is shown in Figure 
1 and is operable to produce pulsed radio frequency 
electrical signals. To this end it employs a non- linear 
dispersive electrical circuit generally indicated at 1 
incorporating at least one non- linear element such as 
inductors 2 made of a material sensitive to low power 
signals. A high voltage electrical pulse that has a short 
pulse rise time and a flat top is injected into the circuit 1 
at 3. The non-linear and dispersive characteristics of the 
circuit 1 modify the shape of the pulse and are such as to 
produce a radio frequency output pulse at 4 from the input 
pulse. Preferably the circuit 1 is solid state. 

The pulse generator as shown in Figure 1 also includes a 
means generally shown at 5 for producing a variable power 
control signal 6 and for applying the signal 6 to at least 
one of the non-linear elements such as the inductors 2 at the 
high voltage input point 3 to modify the extent of the 
non-linearity of the element and thereby vary the output 
frequency of the radio frequency electrical signal 4 
generated . 



The circuit 1 includes a plurality of the non-linear 
elements in the form of inductors 2 interconnected in series, 
a first array of coupling capacitors 7 each linking the input 
side of one inductor 2 to the output side of the next 
inductor 2 in line for dispersive purposes. These capacitors 
7 have a value C" and provide additional dispersive 
characteristics to the circuit 1 in order to enhance the 
conversion of energy from the input pulse at 3 to the radio 
frequency output signal at 4. The arrangement of the 
coupling capacitors 7 as shown in Figure 1 is merely one 
example and suitable dispersive properties may be provided in 
the circuit 1 by other arrangements of capacitors or 
additional inductor elements. It is also stressed that 
although the input pulse at 3 usually has a short pulse rise 
time and a flat top, neither of these aspects are essential. 
It should also be noted that in Figure 1 the circuit 1 has 6 
sections but more or less sections can be provided if 
desired. 

Also forming part of the circuit 1 is a second array of 
capacitors 8 each having a capacitance T 0 arranged in parallel 
to one another such that each capacitor 8 connects the input 
side of a different inductor 2 to a common electrical line 9. 
Each inductor 2 has an inductance L 0 . 



The input pulse injected at point 3 is a high voltage 
pulse for example 50kV. The current associated with this 
pulse is also of a high value for example 2kA. The high 
current pulse propagates from left to right in Figure 1 with 
the propagation velocity being determined partly by the 
inductance value L 0 of the inductors 2, 

Rapid adjustment of the output frequency from the radio 
frequency output at 4 over a wide frequency range is 
achievable with the generator of Figure 1 by adjusting the 
extent of non-linearity in the circuit 1. The variation in 
circuit non-linearity is achieved by choosing a non-linear 
element such as the inductors 2 made of a material sensitive 
to low power control signals 6. For example the elements 
such as the inductor 2 may contain a material which is a 
ferromagnetic material sensitive to the application of low 
value magnetic fields or a ferroelectric material sensitive 
to the application of low value electric fields. The control 
signal 6 is a relatively small current or a relatively small 
electric field which is used to adjust the initial state of 
the non-linear material with this adjustment altering the 
behaviour of the non-linear elements such as 2 during 
modulation of a high power radio frequency signal and 
consequently changing the frequency of the radio frequency 



output signal- Adjustment of the control signal 6 then 
allows changes to be made to the radio frequency output 
frequency at 4 on a pulsed pulse basis - 

Thus in the embodiment of Figure 1 the non-linear 
element material is a ferromagnetic material sensitive to a 
magnetic field. The ferromagnetic material is a saturable 
magnetic material and the inductors 2 preferably are formed 
from a conductive wire which is threaded with soft, 
saturable, ferrite magnetic beads (not shown). In this case 
the magnetic field which is associated with the input pulse 
current at point 3, (usually approximately 2kA) is applied to 
the ferrite toroid in a circumferential direction. When the 
magnetic material is in an unsaturated state its presence 
increases the value of each circuit inductance to a value 
greater than L 0 . If the magnetic material is forced into a 
saturated state the value of the inductance falls to the 
lower limiting value of L 0 . Thus when the control signal 6 is 
a relatively small variable electric current a variable low 
value magnetic field is created at the inductors 2 so as to 
adjust the initial state of the non-linear element 2 and 
alter the behaviour of the element 2 during modulation of a 
high power radio frequency signal to change the frequency of 
the radio frequency signal outputted at point 4. 



The non-linear magnetic material which is included in 
the inductor 2 may be used to effect the propagation of the 
input pulse through the circuit 1 . The presence of 
unsaturated magnetic material in each of the circuit 
inductances inhibits the flow of current along the 
transmission line in the circuit 1 such that the propagation 
velocity of the front of the input pulse is reduced by the 
presence of unsaturated magnetic material . Consequently the 
injected current pulse propagates from the input .3 to the 
output point 4 at a velocity which is determined partly by 
the initial state of the non-linear circuit element or 
inductor 2. 

The dispersive characteristics of the circuit 1 produce 
the natural effect that the phase velocity of an oscillating 
signal is dependent on the oscillation frequency of the 
signal. Figure 2 shows a typical dispersion curve for a 
circuit such as that shown in Figure 1 in which it is clear 
that the phase velocity of an oscillatory signal in the 
circuit 1 is dependent on the oscillation frequency of the 
signal. If an electrical pulse with a flat top is injected 
into circuit 1 at point 3, energy is transferred into an 
oscillating signal component whose oscillation frequency is 
determined by a curve such as that shown at 10 in Figure 2. 
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Each value of phase velocity has a corresponding value of 
oscillation frequency. The effect of changing the 

propagation velocity of the injected pulse in the generator 
of Figure 1 will be to change the frequency of the radio 
frequency signal which is excited in the circuit 1- By 
providing means 5 to adjust the initial condition of the 
non- linear element or inductor 2 it is possible to control 
the propagation velocity of the input pulse and consequently 
control the frequency of the radio frequency output at point 
4. In the case of non-linearity which is based on saturable 
magnetic material, the initial state of the magnetic material 
can be adjusted by passing a small direct current typically 
less than 1 amp current through the inductors 2. Injection 
of the direction current current as a control signal 6 prior 
to injection of the high current pulse at point 3 will set 
the condition of the non-linear element or inductor 2 such 
that the circuit 1 will produce a particular radio frequency 
output frequency. Variation of the direct current level of 
control signal 6 will allow variation of the radio frequency 
output frequency. 

As shown in Figure 1 the means 5 includes a source 11 
of low power direct current which is applied to the input 
side of the non-linear dispersive electrical circuit 1 at 



point 3 and which is returned to the source from the output 
side at point 4. Thus the direct current flows through each 
of the transmission line inductors 2. Passage of the direct 
current through the inductors 2 produces a magnetic field 
around each inductor which couples with the saturable 
magnetic material in each inductor- The direct current 
control signals 6 can be used to set the initial condition of 
the saturable magnetic material in each inductor 2 and in 
effect is used to set the saturable magnetic material at a 
certain point on its hysteresis loop- The initial set 
position can be varied continuously between positive and 
negative saturation values for the saturable magnetic 
material by selecting the level of direct current 
appropriately. The means 5 also includes circuit protection 
elements 12 to protect the source 11 from the high voltage 
pulse which also is injected at point 3 to the circuit 1. 

Adjustment of the direct current signal 6 can be 
achieved in a short time and for example in the generator of 
Figure 1 the output frequency may be changed in less than 1 
millisecond. The means 5 also includes a computer control 13 
and the frequency of the radio frequency output pulse can be 
stepped, in a linear fashion, from pulse to pulse through the 
full tuning range of the generator. It is also possible to 



produce random radio frequency frequencies from pulse to 
pulse within the constraints of the radio frequency source 
tuning range or to produce statistically weighted radio 
frequency outputs to optimise the energy which is radiated as 
a function of frequency. 

The tuning range of radio frequency frequencies which 
can be generated from a generator as shown in Figure 1 can 
be at least plus or minus 20% of the design centre frequency. 
This is a large range compared to conventional high power 
radio frequency generators. Preferably the non-linear 

dispersive circuit 1 should be designed to give a large 
variation in oscillation frequency for a small variation in 
phase velocity. 

Various modif iciations and alterations may be made to 
the embodiments of the present invention described and 
illustrated, within the scope of the present invention as 
defined in the following claims. 



